case of maternal anxiety disorder. Conclusions: The results suggest that older female infants (over 5.5 months of age) are more sensitive to lower maternal bonding in the context of maternal anxiety disorders. Furthermore, results suggest a different use of self-directed regulation strategies for male and female infants of mothers with anxiety disorders and low bonding, depending on infant age. The results are discussed in the light of gender-specific developmental trajectories.
Introduction
Maternal bonding refers to the emotional ties that mothers develop towards their infants during the first weeks after childbirth [1] . Impaired bonding can result in rejection, hostility, aggressive impulses towards the child [2, 3] , an increased risk of abuse and neglect [4] , and even infanticide [5, 6] . Therefore, maternal bonding is considered a critical process for ensuring maternal care and thus infant development [4] .
Several postpartum disorders have been hypothesized to have a negative effect on maternal bonding. For instance, a large body of literature has consistently shown postpartum (subclinical) depression to pose a significant risk for maternal bonding [7] [8] [9] [10] [11] [12] . Although the prevalence of postpartum anxiety disorders (11.1%) is almost twice as high as that of postpartum depression (6.1%) [13] , very few studies have systematically examined the effects of maternal anxiety on maternal bonding. Evidence supporting the claim that postpartum anxiety disorders adversely affect mothers' emotional bonding was recently found by Tietz et al. [14] in a prior evaluation of the current data set. A Bangladeshi study reported corroborating evidence [15] ; maternal anxiety symptoms correlated negatively with mothers' emotional bonding. Likewise, Dubber et al. [16] found significant associations between anxiety measures and maternal bonding.
Previous research on risk factors for infant development found a negative impact of maternal depression [17, 18] and anxiety [19, 20] and has focused on maternal sensitivity [21, 22] and mother-infant interaction [23, 24] . Recently, Dalsant et al. [25] demonstrated that parental bonding moderated later stress response to social stimuli in the adult offspring. Those that experienced optimal maternal bonding during childhood showed calmer stress responses to distressing stimuli, while less optimal bonding led to increased stress responses. Although such studies suggest that maternal bonding affects stress regulation later in life, they do not shed any light on the immediate consequences for stress regulation during infancy.
Caregivers are thought to play an important role in the development of stress regulation in infants. Sensitive reactions towards the child are hypothesized to provide an important external source of stress regulation [26] [27] [28] . Indeed, higher maternal sensitivity (attention as well as prompt and appropriate reaction to infants' signals) is associated with increased behavioral and physiological regulation [29] , less negative temperament [30] , and emotional resilience at older ages [31] . However, due to time constraints and other factors caregivers cannot be attentive to their infants all the time nor can they always respond sensitively, even when attentive. When caregivers are temporarily inattentive and infants experience the need for external stress regulation, they can signal the caregiver for attention (e.g. by a caregiver-directed gaze, reaching out) by 3 months of age. If such other-directed regulatory behaviors [32] fail, infants engage in self-directed stress regulation [26, 32] such as hand-to-mouth movements and nonnutritive sucking to reduce stress [28] .
Usually, these self-comforting behaviors decrease with age as infants engage in more complex regulatory strategies. Cole et al. [33] assume a developmental sequence in which infants first have a basic self-regulatory capacity of varying and limited effectiveness, then engage with caregivers for external stress regulation, and finally develop an array of additional self-regulatory strategies over the toddler and preschool years. An exaggerated and prolonged dependence on self-directed stress regulation may have aversive effects. For instance, Braungart-Rieker et al. [34] found that higher levels of self-directed stress regulation at 4 months of age predicts insecure-avoidant attachment at 1 year of age. Koulomzin et al. [35] found a comparable result. They investigated infant behaviors at 4 months of age in later insecure-avoidant and secure infants. They concluded that self-directed stress regulation facilitates behavioral coordination in insensitive caregiving environments. Yet they discussed that a strong reliance on self-directed stress regulation may increase the risk for persistent emotional difficulties. This may be due to disengagement to opportunities to externally regulate stress [35] and limited effectiveness of self-directed stress regulation in more demanding situations [36] . Accordingly, a study by Müller et al. [37] found that self-directed stress regulation is linked to increased salivary cortisol reactivity, which leads to the conclusion that self-comforting behavior can be seen as an indicator of increased stress.
Low maternal bonding might represent an insensitive caregiving environment. Noorlander et al. [38] found lower maternal bonding to be negatively associated with behaviors that are indicative of sensitive caregiving. Since Tietz et al. [14] found that postpartum anxiety disorders adversely affect mothers' emotional bonding, infants of caregivers with postpartum anxiety disorders might be less able to externally regulate the infants' stress due to low maternal bonding. Furthermore, a direct effect of maternal depression on infants' regulatory strategy has been reported. Manian and Bornstein [39] observed that infants of clinically depressed mothers use more self-directed stress regulation compared to controls. Though these findings refer to maternal depression, maternal anxiety disorders might analogously represent an insensitive caretaking environment. Some studies found that anxious mothers demonstrate more insensitive and less sensitive behaviors compared to controls [e.g. 40, 41 ] . These findings suggest that insensitive caretaking, due to maternal anxiety disorders and low maternal bonding, may lead to an increased self-directed stress regulation. We therefore hypothesized that maternal anxiety disor-ders are associated with increased infant self-comforting behaviors during the mother-infant interaction and that this association is mediated by lowered maternal bonding.
We expected these effects to be dependent on two variables: infant gender and age. The following findings support this hypothesis: male infants are known to have greater difficulties than female infants in maintaining interactive regulation, and mother-son dyads take longer to repair interactive errors [42] . Furthermore, male infants are more affected by maternal depressive symptoms than female infants, and mother-son dyads have a less welladapted interaction than mother-daughter dyads with highly depressive mothers [43] . Moreover, male infants may be more sensitive to distress due to differences in hormonal function and cortisol responses [44] . We therefore hypothesized that male infants would show more self-comforting behaviors than female infants in response to maternal anxiety disorders and low maternal bonding. The second hypothesized moderator is infant age. It is well known that self-regulatory strategies change with age [34] . However, Tronick [26] argues that the self-directed regulatory style might be perpetuated due to the experience of chronic failure to externally regulate stress. This line of argument predicts that older infants that have experienced insensitive caregivers should show increased self-comforting behaviors. We therefore expected older infants to show more self-comforting behaviors than younger infants if their mothers report lower bonding and are diagnosed with anxiety disorders. To examine our hypotheses, we assessed maternal bonding in mothers with and without anxiety disorders in the postpartum period and infant self-directed regulatory behaviors in their 2.5-to 8-month-old infants. We used the Face-toFace Still-Face paradigm (FFSF) to assess infants' self-directed regulation to the stress of the experimental interruption of maternal engagement [45, 46] .
Materials and Methods

Sample
The sample (n = 69) is part of a larger longitudinal study [14, 37, 47] . Subjects were recruited between June 2006 and October 2010. Assessments took place at the University Hospital of Heidelberg, Germany. Inclusion criteria for women of the clinical group were at least one of the following anxiety disorders according to the DSM-IV [48] in the postpartum period: panic disorder with agoraphobia, agoraphobia without history of panic disorder, generalized anxiety disorder, social phobia, obsessive compulsive disorder, posttraumatic stress disorder, and anxiety disorder not otherwise specified. Exclusion criteria for patients included: an acute or former psychosis, a current or former bipolar disorder, current substance abuse, acute suicidal tendency, or acute major depression or dysthymia. Healthy controls needed to have no current or antecedent axis I diagnosis according to the DSM-IV. Initially, 122 mothers with their infants were recruited for the larger study. We excluded 20 mothers who met the diagnostic exclusion criteria from the analyses. An additional 13 mothers entered the study at a later study point. Interactive measures of 11 dyads were missing, and 9 mothers did not fill out questionnaires. Consequently, 28 women with an anxiety disorder and 41 control women and their 2.5-to 8-month-old infants were included in the analyses. Maternal anxiety disorders are summarized in table 1 . Full demographic statistics and group comparisons are summarized in table 2 .
Procedures
The full study procedure is described by Müller et al. [37] . The study protocol was approved by the independent ethics committee of the Heidelberg University Medical Faculty. Written informed consent was obtained after the study procedures had been fully explained to the mothers. Mother-infant interaction during the FFSF was videotaped in our laboratory. It consisted of three episodes each lasting 2 min: first, an initial face-to-face interaction in which the mothers are instructed to play with their infant as usual (without the aid of toys and pacifiers). Next, the still-face episode in which the mothers have to turn their head aside while silently counting to ten and then turn back to the infant but not engage in any gestures, facial expressions, or vocalizations. Finally, the procedure ends with the reunion episode in which the mother is required to resume face-to-face play with her infant. Subsequently, the Structured Clinical Interview-I for DSM-IV Disorders Percentages were calculated relative to the sample size of the clinical group. Due to comorbidity between anxiety disorders, there were more diagnoses than participants.
(SKID-I) [50] , was carried out. Finally, the German version of the Postpartum Bonding Questionnaire (PBQ-16) [8] was filled out at home.
Measures Structured Clinical Interview for DSM-IV Axis I Disorders.
Postpartum maternal anxiety was assessed with the German version of SKID-I [50] . The SKID-I is a widely used semistructured interview for the diagnosis of selected axis I disorders.
German Version of Postpartum Bonding Questionnaire. The PBQ was originally developed by Brockington et al. [10, 12] as a self-reporting screening tool for impaired bonding. We used the German abridged 16-item version of the PBQ suggesting a singlefactor solution [8] . The PBQ-16 had an internal consistency of Cronbach's α = 0.87 in our sample. Higher values indicate more impaired bonding. The sum score ranges from 0 to 80.
Coding of Infant Behavior during the FFSF: Infant and Caregiver Engagement Phases-Revision. Full information on the Infant and Caregiver Engagement Phases-Revision (ICEP-R) is described by Müller et al. [37] . We coded the videotapes using the Noldus Observer Video-Pro ® coding system with 1-second time intervals. Infants' and mothers' behavior during the FFSF was coded by two trained and reliable coders using the German translation and revision of the microanalytical ICEP-R [50] . The ICEP-R combines information from the infant's and caregiver's face, direction of gaze, and vocalizations. Additionally, for infants and in accordance with the maternal and infant engagement codes [e.g. as described in 37 ], oral and manual self-comforting behaviors were coded. Oral self-comforting included (1) the infants' initiated skin contact between their own body parts and their mouth, (2) the infants' initiated mouth contact to exogenous objects or (3) sucking on the caregiver's hand or fingers (self-initiated or not). Manual self-comforting behaviors were coded if the infants touched one hand with the other. The primary independent measures were the sum of relative time proportions of infant self-comforting behaviors, that is, the sum of seconds in which infants engage in oral or manual self-comforting behaviors divided by the time of the FFSF [37] . Thus, the scale ranges from 0 to 1. Descriptive results are multiplied by 100%.
The coders were blinded to the hypotheses of the study and the maternal psychiatric status; 31% of the videotapes (28 dyads of 90 videotapes) were randomly selected and coded by two independent study coders. They were not aware which videos were used for assessing coding reliability. In accordance with other studies [24, 51] , we used Cohen's κ [52] to compute interrater reliability. This was κ = 0.73 for the infant codes and κ = 0.78 for the maternal Values are means ± SD or numbers, as appropriate, unless otherwise indicated. a min = 2.5; max = 7. codes. Thus, the interrater reliability of our study coders was similar to those reported in previous studies [24, 51] . We were interested to see whether bonding mediates a main effect of maternal anxiety disorder on infant self-comforting behaviors and whether infant gender and age play moderating roles for this mediation. We carried out conditional process analyses -a regression-based approach -using the SPSS ® Makro 'PROCESS' (v. 2.15) [57] . We tested the model depicted in figure 1 . It estimates the indirect effect of maternal anxiety disorder on infant self-comforting behaviors mediated by maternal bonding and moderated by infant gender and age ( fig. 1 , path a*b; 
Data Analyses
Results
Preliminary Analyses
The MCAR test was nonsignificant (χ 2 = 207.31, d.f. = 190, p = 0.19); the case exclusions were valid for our sample, and the subpopulation was representative of the larger sample. As demonstrated in table 2 only infant age differed between the clinical group and controls, revealing the control group to have younger infants. We controlled for infant age as the moderator in our analyses. Means and standard errors of infant self-comforting behaviors and maternal bonding by maternal diagnosis and infant gender adjusted for infant age are summarized in table 3 .
Main Analysis
Maternal Anxiety Disorder and Bonding. At first, path a ( fig. 1 ) order on maternal bonding (p < 0.01): if mothers had an anxiety disorder, they reported lower bonding (an increase of 5.3 PBQ scale points on average in comparison to controls). There were no main or interaction effects of infant gender or age (p > 0. 20) .
Study Variables and Infant Self-Comforting Behaviors. Next, as the second basis for estimations of direct and indirect effects of maternal anxiety disorder on infant selfcomforting behaviors, all direct effects of the study variables and their two-way interaction terms were estimated ( table 4 , model 2). There was only a trend for a direct independent effect of maternal bonding on infant self-comforting behaviors (p = 0.08): the lower the maternal bonding, the higher the rate of infant self-comforting behaviors. Furthermore, there was a significant independent interaction between anxiety disorder and infant gender (p = 0.04). There were no direct independent effects of anxiety disorder, infant gender, and age, nor were there further interaction effects on infant self-comforting behaviors (p > 0.10). Table 5 summarizes all conditional indirect (mediated) effects of maternal anxiety disorder on infant self-comforting behaviors for values of the moderators ( fig. 1 , path  a*b) . To investigate the moderation by infant age, the effects were tested at three levels of infant age (mean ± SD). We found a mediation of the effect of maternal anxiety disorder on infant self-comforting behaviors through maternal bonding for female infants at 5.6 months of age (95% CI = 0.001, 0.172): maternal anxiety disorder increased the rates of infant self-comforting behaviors through maternal bonding by 5% for female infants at 5.6 months on average. There was no such effect for male infants. Table 6 summarizes all conditional direct (moderated) effects of maternal anxiety disorder on infant self-comforting behaviors at values of the moderators ( fig. 1 , path  c) . For females at 4.1 months of age, there was a trend for an effect of maternal anxiety disorder on infant self-comforting behaviors (p = 0.09). However, it was the opposite of the expected direction. Female infants of mothers with anxiety disorders at 4.1 months showed 11% lower levels of self-comforting behaviors on average compared to controls. This relation was the same and significant for female infants at 5.6 months of age (p = 0.01, 20% decreased rates of self-comforting behaviors). For male infants at 2.6 months of age, the effect was in the expected direction (p = 0.03). Male infants of mothers with an anxiety disorder showed an increased rate of self-comforting behaviors by 22% on average in comparison to controls. There were no effects for older male infants (p > 0.16).
Bonding as a Moderated Mediator between Maternal Anxiety Disorders and Infant Self-Comforting Behaviors.
The power to find a large effect (f 2 = 0.35) for single regression coefficients was 1 -β = 0.99, for medium-sized effects (f 2 = 0.15) it was 0.89 and for small effects (f 2 = 0.02) it was 0.21. Thus, in the case of nonsignificant results, only large and medium-sized effects could sufficiently be ruled out. We were not able to rule out small effects.
Discussion
We hypothesized that maternal anxiety disorders are associated with increased infant self-comforting behaviors during the FFSF and that this association is mediated by maternal bonding. Furthermore, we expected that these effects were moderated by the infants' gender and age. Clearly, the nature of the findings is complex as they relate to the interplay between anxiety, bonding, infant gender, and age, thus making straightforward interpretation difficult. Nonetheless, it is clear that each of these factors affect infant self-comforting regulatory behaviors.
Results on path a ( fig. 1 ) indicate that mothers with an anxiety disorder report lower bonding. This finding is in accordance with studies suggesting that anxiety accounts for lower bonding [15, 16] and represents a methodological invariance and robustness of prior analyses on the current data [14] .
Results on path a*b ( fig. 1 ) suggest that maternal anxiety disorders account for increased rates of self-comforting behaviors in older female infants (over 5.5 months of age) through lowered maternal bonding. This finding is in line with studies showing that maternal disorders increase self-directed stress regulation at 5 months of age [39] . It further corroborates the argument by Koulomzin et al. [35] that self-directed regulative behavior (at 4 months of age) is increased in insensitive raising environments, as low maternal bonding was shown to be associated with insensitive caregiving [38] . One explanation might be that anxious mothers who feel low bonding to their infant are less able to sensitively regulate the infant's distress. However, mediational analysis for maternal sensitivity was beyond the scope of the study and should be targeted in future research.
Nevertheless, it was unexpected that female infants are sensitive to low maternal bonding in the context of maternal anxiety disorders and males are not. To the best of the authors' knowledge, there are no other studies reporting similar results. One explanation for our finding might be that our gender-specific hypotheses are mainly based on research investigating expressive engagement behaviors such as displays of positive and negative affect [43] . In contrast, infant self-comforting behaviors are not characterized as negative or positive expression but as inward-directed behaviors. Thus, the effects of anxiety and low bonding might unfold differently for self-directed stress regulation than they do for expressive behaviors. Another possible explanation relates to differences in sensitivity to social signals. Landerholm and Scriven [58] , as well as Freedman [59] , argue that female infants are more sensitive to social signals. These assumptions were supported by studies demonstrating that newborn and 12-month-old females show higher preferences for social stimuli than nonsocial stimuli in comparison to males [60, 61] . As low maternal bonding is negatively associated with behaviors that are indicative of sensitive caregiving [38] , it might be that female infants are more sensitive to lack of maternal care in the case of low maternal bonding. Consequently, it may be that only female infants of anxious mothers with low bonding might perpetuate the selfdirected regulatory style into later development [26] . The argument that a strong reliance on self-directed stress regulation may increase the risk for persistent emotional difficulties [35] and the well-established finding that females are more likely to have internalizing disorders later in development [62, 63] speak for that assumption. These ideas clearly require further investigations. The findings on path c ( fig. 1 ) suggest that male infants show increased rates of self-directed stress regulation behaviors as a direct effect of maternal anxiety disorder, but it only holds for younger males (under 3 months of age). If one accepts self-comforting behaviors as signs of distress [37] , this is in line with findings from Weinberg et al. [43] , who found maternal depressive symptoms negatively affecting dyadic regulation more in mother-son dyads than mother-daughter dyads at 3 months of age. However, the authors did not investigate this relationship in older infants. Conversely, the direct effect of maternal anxiety on infant self-comforting behaviors was contradictory to our hypotheses for older females (over 5.5 months of age): in the case of maternal anxiety disorders, older females showed lower rates of infant self-comforting behaviors when the mediating effect of maternal bonding was partialled out. We are not the first to encounter gender differences regarding regulatory strategies. For instance, Leeb and Rejskind [64] found that female infants aged 3-4 months made more eye contact interaction with unfamiliar female adults. Montirosso et al. [65] argued that infant eye contact may serve as a compensatory regulation strategy in preterm infants aged 6-9 months. It may be that female infants make more compensatory use of other-directed regulative strategy as opposed to self-comforting behaviors in the case of maternal disorder. However, the answer to this question remains unclear as we did not analyze other-directed regulatory strategies.
Limitations
First, our clinical sample consisted of mothers with different anxiety disorders. Furthermore, subgroups of specific anxiety disorders were small, and many mothers (55.2% of the clinical sample) had more than one anxiety disorder. Consequently, we were not able to identify the impact of specific anxiety disorders. According to the DSM-5 [66] , obsessive compulsive disorders are no longer classified as anxiety disorders. Therefore, special attention needs to be paid to this psychological disorder with regard to mother-infant interaction in future research. However, only 3 women in our sample were diagnosed with a single obsessive-compulsive disorder, while 10 suffered from at least one additional anxiety disorder. Because of the very few cases with obsessive-compulsive disorder exclusively, it was impossible to test for intergroup differences. Almost 70% of the clinical sample had a history of depressive disorders (20 mothers had a lifetime major depression and 1 mother had a lifetime dysthymia). As sample sizes would have been too small, we were not able to differentiate between these subgroups. Consequently, we were not able to draw inferential conclusions about specific effects of anxiety disorders and additional lifetime depressive disorders on maternal bonding and infant self-comforting behaviors in our study.
A total of 75.9% of the clinical sample had a prepartum onset of anxiety disorders such that effects of fetal programming [67] cannot be excluded. A high proportion of academic degrees characterizes our sample. Thus, our results might not be generalizable to the overall population. The data assessment for the main finding was cross-sectional. Consequently, we cannot draw causal conclusions. Furthermore, our results have to be replicated in larger samples before they can be interpreted in terms of interventional applicability. We might have missed small effects due to power limitations and as subgroups were small considering the moderators of infant gender and age in our sample. Infant age was significantly higher in our clinical group. Thus, the accuracy of subgroup means for older infants of the control group and younger infants of the clinical group is limited. Consequently, the moderating role of infant age in our analyses has to be interpreted cautiously and should be confirmed by future studies. Furthermore, our regression analytic approach might be flawed by multicollinearity. The sug-gested ideas about the reasons and implications of our results should be reinvestigated in different, more homogeneous, and larger age groups or repeated assessments of the FFSF throughout and beyond the first year of life analyzing maternal behaviors as well as infant other-directed regulation behaviors such as gaze and social monitoring.
Conclusion
The findings emphasize gender-and age-specific differences in the effect of maternal anxiety on infant selfdirected regulation. Our results suggest different reactions in female infants to maternal anxiety disorder on the one hand ( fig. 1 , path c) and low maternal bonding in the context of anxiety disorders on the other hand ( fig. 1 , path a*b). In the case of low bonding along with maternal anxiety disorder, female infants seem to develop a reliance on self-directed regulation ( fig. 1 , path b) . By contrast, young male infants already engage in self-directed regulative strategies in the case of maternal anxiety ( fig. 1 , path c) .
